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Accuracy of ZeroBase™ Growth Prediction of a Burlington Sample
by
Anitha Nair
The accuracy of ZeroBase™ orthodontic software program was tested using a
sample of 14 male and 14 female untreated subjects classified as skeletal Class II pattern
TMby the Burlington growth center. Growth predictions were carried out by ZeroBase
from ages 6,9,12,14,16 in males and 6,9,12 and 14 in females. The mean computer
predicted value was compared with the mean radiographic value to test the accuracy of
the predictions. Predictions from age 14 were the most accurate (within one standard
deviation), whereas the predictions from age 6 were the least accurate. In males, the
accuracy of cranial base predictions was 73.3%, maxilla was 66.7% and mandible was
97.3% to one standard deviation of the norm. In females, the accuracy was 70% for
cranial base, 100% for maxilla and 92% for mandible to one standard deviation of the
norm. The software program predicted growth in females more accurately than in males.
Based on the accuracy of identifiable points, ZeroBase™ proved to be very
accurate. However, due to difficulty in landmark identification in the radiographs, and
due to missing radiographs, which resulted in a different sample sizes in the different age
groups, it is not possible to make definite conclusions from the results obtained.




The understanding of the principles of growth and the ability to predict growth
is an important step in orthodontic diagnosis and treatment planning. The 
introduction of the roentgenographic cephalostat by Broadbent1 in 1931 was the
turning point in the area of understanding craniofacial growth. Prior to this, dry skulls
were used in growth studies. Broadbent noted that by the use of a standardized
roentgenographic technique it was possible via cephalometric superimpositions to 
make accurate measurements of changes in the living skull that were due to 
developmental growth or orthodontic treatment. In 1937, Broadbent presented a 
series of diagrams, which illustrated the facial growth pattern of a normal child. 
Subsequently, growth studies performed by Brodie3,4 and Lande'^ showed that most
individuals followed the same general pattern of growth. However, there is evidence
that suggests that individual growth patterns are unique with regard to direction and
6,7amount of growth.
The ability to perform a long-range growth forecast has a great influence on
diagnosis, treatment goals, treatment planning and eventual outcome of orthodontic 
treatment. Brodie and associates8, in 1938, stated that growth and development
accounted for a considerable part of changes that took place during orthodontic
treatment. Accurate prediction of the timing and amount of active growth is helpful to
orthodontists in making clinical decisions regarding appliance selection, anchorage
1
demands, extraction pattern, need for orthognathic surgery, treatment timing,
planning retention and prognosis of treatment.
Predictors of craniofacial growth
Following early studies, factors such as mandibular morphology9, mandibular 
10,11,12 12,13 were proposed as predictors of craniofacialand occlusal planeplane angle
growth. Parental data14,15,16, frontal sinus17, posture18 and symphysis morphology19 were 
also suggested as indicators of growth. Studies by Wasson14, Nakashima15, Nakata et
al. , Harris et al. and Popovich showed that hereditary factors could be valuable in
00predicting future facial growth of a child. Houston and Brown stated that craniofacial
factors were under polygenic control, and that environmental factors could modify
growth. Studies have shown a correlation between mandibular growth rotation and 
cervicovertebral anatomy24 and craniocervical angulation.25 Factors like mode of
, hypertrophic tonsils30, position and shape of the tongue30,31, presence 
of a cleft , muscle weakness , and functional habits can alter the direction and pattern of
26,27,28,29respiration
growth of the mandible.
Growth of the mandible and manual methods of prediction
John Hunter performed studies on the growth of the mandible as early as 1754. 
Bjork9 identified three methods of growth prediction: a) Longitudinal- by following the 
course of development with a series of radiographs taken annually, b) Metric- prediction
of facial growth on the basis of facial morphology, determined metrically from a single
radiograph, c) Structural- based on information concerning remodeling process of the
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mandible during growth. The longitudinal method has been proved to be of limited use,
as growth does not occur at a constant rate and changes occurring in vertical jaw
relationships are not clear. The metric method has also not been proved to be of value in
growth prediction.
The general belief that the mandible translocated downward and forward relative 
to the cranial base during growth was based largely on the work of Brodie. Based on 
implant studies, Bjork9, in 1969, concluded that mandibular growth was not linear, but
that the mandible curved forward, sometimes even backward and that mandibular growth
was characterized by an upward and forward curving growth of the condyles. He also
explained that the existence of systemic rotations of the deep structures of the mandible
were masked by the apparent relative constancy of the inclination of the lower border of
the mandible. He observed a mean anterior rotation of about six degrees from pre­
pubertal to post-pubertal period. Houston34, in explaining the mechanism of growth
rotation, stated that this was a reflection of differential growth in anterior and posterior
facial heights. The growth in anterior facial height was determined primarily by growth in
the length of the cervical column and the associated stretch of cranio-cervical fascia and
musculature.
Based on his studies on skulls of American Indians, using lead shots as markers, 
Moss35 concluded that the rotational growth of the mandible was most accurately 
described as a logarithmic spiral. Ricketts , in 1971, reported the arcial growth of the 
mandible, after a six-year computer study. Following their study, Mitchell et al. stated 
that though the most accurate description of the growth of the mandible was that of a
logarithmic curve, the concept of arcial growth of the mandible was found to be a
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clinically acceptable method of prediction. They suggested the use of hand-wrist
radiographs to improve the accuracy of short-term predictions.
Johnston , in 1975, described a simplified method of growth prediction, which
TOused a printed forecast grid. In 1984, Skieller et al. reported success in retrospectively
predicting "mandibular growth rotation" from lateral cephalograms in a sample of
untreated subjects with extreme growth patterns using implants. They concluded that the
four variables, which in combination gave the best estimate of mandibular growth
rotation, were mandibular inclination, intermolar angulation, shape of the lower border of
the mandible, and inclination of the mandibular symphysis. This method of prediction 
was not as successful in predicting growth in a sample with less extreme facial pattern.40
Cephalometries has been used as the medium to describe, compare, classify and 
communicate the nature of orthodontic and orthopedic problems.41 Steiner42 described the
importance of cephalometries in orthodontic treatment planning and assessing changes
via superimpositions that took place as a result of normal growth and orthodontic therapy.
Ricketts, in 1960, introduced the idea of Visual Treatment Objective (VTO), which is a
visual plan to forecast normal growth of an individual and the anticipated influences of
treatment, to establish the objectives an orthodontist would want to achieve for that
43,44 In order to achieve this, it became necessary to predict growth on anpatient.
individual basis, rather than comparing with a given standard. Ricketts noted that there
was no better way to learn about the individual patient and the possibilities and
limitations inherent in that single patient than with a growth forecast.
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Computer methods
Though orthodontists have realized the importance of growth prediction in
treatment planning, it has not been widely used because it has been claimed to be
inaccurate, complex and time consuming. It is believed that the introduction of computers
in orthodontics changed this thinking. With the integration of computers and
cephalometric technology in the 1970s, complex statistical analyses of growth patterns 
and dentoskeletal relations were established. Ricketts45,46’47 has advocated the use of
computers in the diagnosis and treatment planning facets of orthodontics due to the
convenience and speed in organizing and sorting data, and in retrieving the information in
a clinically useful form.
Since the introduction of computer technology, many orthodontic software
programs with varying levels of sophistication have been made available for the use of 
the orthodontist. Hirschfield and Moyers , in their article regarding the state of the art of
growth prediction at that time, pointed out that in order to be reliable, any clinically
applicable system must be able to predict the following criteria: a) future size of the part,
b) facial pattern, c) timing of the growth spurt, d) growth direction, e) growth rate, and f)
the effect of orthodontic treatment on these parameters.
Researchers have evaluated the accuracy of growth prediction on manually traced, 
as well as computerized models. Many of these studies involved subjects on whom 
orthodontic treatment was performed. Several investigators such as Schulhof and 
Bagha49, Hing50, Carter51, Greenberg52, Cangialosi et al.53, Thames et al.54, Dicicio55, 
Popovich and Thompson56, Hoss et al.57 have tested the accuracy of growth prediction by 
manual and computerized methods with a wide range of results. Schulhof and Bagha49
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compared the accuracy of four methods of growth prediction using longitudinal records
of fifty untreated subjects and concluded that computerized prediction was more accurate
in prediction of growth in abnormal growth patterns, including long face and Class III
tendency. They found that the computer was accurate in predicting 50% of the parameters
studied.
Carter51 found that growth forecasting by the Rocky Mountain Data System
software was 96% accurate in a sample of orthodontically treated patients. The
software was found to be 80% accurate for individualized predictions within one
standard deviation. The accuracy of RMDS computer program was tested by Thames 
et al.54 using 33 class II high angle treated cases. They found that the computer was 
accurate in predicting 50% of the parameters studied. Cangialosi et al. tested the
accuracy of Quick Ceph II in predicting growth and treatment results in 30 treated
patients. They concluded that a computer program was as effective as the manual
method in producing a reasonably good graphic representation of growth changes that
took place during treatment and to assist in developing a VTO. They also suggested
that the results of manual growth predictions could be enhanced by the use of some
38,52type of forecast grid, such as the Johnston grid.
Prediction of treatment outcome carries importance in orthognathic surgical cases,
as esthetics is one of the main reasons patients choose surgery. Two video imaging 
systems, Prescription Portrait™ and Orthognathic Treatment Planner™ were tested for 
accuracy of computerized cephalometric line and video image predictions in subjects 
who underwent mandibular advancement58 and maxillary impaction59 surgeries. Both
programs were found to be 80% accurate in chin predictions in the mandibular
6
advancement group, but less than 50% accurate in lower lip predictions. Neither program
was found to be very accurate in prediction of vertical measures in the maxillary 
impaction group. Konstiantos et al.60 found that the soft tissue changes predicted by 
diagnostic software DentoFacial Planner™ was different from the actual results in 
subjects who underwent LeFort I osteotomy procedure.
Although the results of the studies show that none of the computerized software
programs tested were completely accurate in predicting growth on an individual basis, it
has been argued that they do provide a graphic representation of the individual impact of
the most probable pattern of growth, and permit the clinician to visualize more effectively 
the various treatment alternatives.45,46’52,61 With the increased popularity of computers in
orthodontics, there are very few clinicians who still utilize manual methods of growth
prediction. Despite the introduction of sophisticated software programs, there still is a
great deal of skepticism among clinicians regarding the accuracy of these systems to
predict future growth of the individual. The main advantage of the computer is the ability
to store large amounts of data, the speed in accessing large amounts of information, and
an effective communication tool in patient education.
7
OBJECTIVES
TMThe aim of this study was to determine the accuracy of the ZeroBase
orthodontic software program in predicting short range and long range growth of the
maxilla, mandible and cranial base in a group of untreated subjects with skeletal Class
II pattern. An additional aim was to determine if there were any significant
differences in growth prediction between males and females.
NULL HYPOTHESIS
There are no differences in the amount of short term and long term skeletal 
growth changes predicted by ZeroBase™ orthodontic software program, for each 
individual variable studied, in both male and female subjects, when compared to an
untreated sample with Class II skeletal pattern.
METHODS AND MATERIALS
Sample
The records for the study were obtained from the Burlington Growth Center at the
University of Toronto, Canada. The sample consisted of 28 untreated subjects, 14 male
and 14 female, classified as skeletal Class II pattern by the Burlington Growth Center
from records of subjects that took part in their growth study in 1950s. The following
criteria were used in the selection of records:
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1. Caucasian
2. No orthodontic treatment performed
3. Skeletal Class II relationship, as classified by the Burlington Growth Center
4. Radiographs at ages 6,9, 12,14, 16 and 20 years of age for males, and 6, 9, 12,
14 and 16 years of age for females.
5. 14 males and 14 females
Analysis
The lateral cephalometric radiographs were scanned at the Burlington Growth 
Center into the ZeroBase™ computer program by two faculty members. Due to a
radiographic contrast problem, the soft tissue profile and some of the landmarks were
hand traced using clear tracing acetate, which was then overlaid on the radiographs
before they were scanned. The radiographs were divided into six groups- age 6, age 9,
age 12, age 14, age 16 and age 20 (skeletal maturity) in males, and into five groups- age 
6, age 9, age 12, age 14 and age 16 (skeletal maturity) in females.
The radiographs were digitized using ZeroBase™ orthodontic software program
by a single operator. In this study, the accuracy of both short range and long range growth
predictions was studied. Growth predictions (both short range and long range) were 
carried out using the ZeroBase™ program, from ages 6, 9, 12,14 and 16 to age 20 in
males and from ages 6,9,12 and 14 to age 16 in females and compared to the actual
cephalometric tracings from the untreated sample. Table 3 (Appendix A) shows the list of
subjects and the ages in which the radiographs were available. Fourteen parameters were
originally selected to test the program. Due to problems with identification of some
landmarks due to the quality of radiographs, the landmarks that were visible and clearly
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identifiable in sequential radiographs were selected. Seven parameters were selected for
the study, and are shown in figure 1.
Table 1. Definitions of the cephalometric landmarks
DefinitionsLandmark
The most anterior point of the fronto­
nasal suture in the median plane
Nasion (Na)
The median point of the anterior 
margin of the foramen magnum, 
located by following the image of the 
slope of the inferior border of the 
basilar part of the occipital bone to its 
posterior limit
Basion (Ba)
Most superior point on external 
acoustic meatus
Porion (Po)
Point on the anterior border of thePrementon (Pm)
symphysis between point B and 
pogonion, where the curvature 
changes from concave to convex;
The point on the deepest midline 
concavity on the maxilla between the 
anterior nasal spine and prosthion
Point A (Pt. A)
Most posterior superior point on the 
condyle
Condylion (Co)
Upper most point on external acoustic 
meatus
Orbitale (Or)
Most anterior point on the bony chinPogonion (Po)
Constructed center of ramus, 
determined by geometric bisecting of 
the height and width of the ramus,
Xi point (Xi)
The most inferior midline point on the 
mandibular symphysis
Gnathion (Gn)




Figure 1. Cephalometric parameters used in the study (refer table 1)
Cephalometric parameters
1. Anterior cranial base
2. Facial plane
3. Mandibular length (Co-Gn)
4. Mandibular arc
5. Mandibular plane angle
6. Corpus length (Xi-Pm)
7. Mid face length (Co-Pt.A)
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Arithmetic means were calculated for each age group for all seven parameters.
The mean difference between the computer predicted parameter and the actual value for
the parameter from the radiograph was calculated. Reliability tests were done and
variations were found to be insignificant within the size of the sample. A 95% confidence
interval was constructed about each mean value. The graphs show the age group on the
x-axis and the difference between the original value and the computer predicted value for
the parameter on the y-axis. Norms for standard deviations (for age 9) for the parameters 
taken from the literature62 and used by ZeroBase™ are listed in table 2. Predictions that
were within one standard deviation of the normal were considered to be clinically
acceptable.
Table 2. One standard deviation of the parameters from ZeroBase™ (Normal values for 
age 9)
One Standard deviationParameter
+/- 2.5 mm1. Anterior cranial base
+/- 3.3°2. Facial plane
+/- 3.6 mm3. Mandibular length
+/- 4.0°4. Mandibular arc
+/- 5.2°5. Mandibular plane angle
+/- 3.0 mm6. Corpus length
7. Midface length +/- 3.2 mm
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RESULTS
1. Anterior cranial base
The program predicted growth of the anterior cranial base from ages 9,12,14 and
16 to one standard deviation in males. All predictions from age 6 were within two
standard deviations of the normal value.
In females, all predictions from ages 9,12 and 14 fell within one standard
deviation, with the prediction from age 9 to 14 very close to the actual mean radiographic
value. From age 6, all predictions except that to age 9 fell within two standard deviations.
(figures 2 a, b and tables 4 a, b)
2. Facial Plane
In both males and females, predictions of the facial plane from all ages were
within one standard deviation of the normal value. In males, all predictions from age 9,
and predictions from ages 14 and 16 to skeletal maturity were very close to the actual
mean radiographic value. In females, the predictions from age 6 to age 9 and from age 12
to skeletal maturity were close to the actual value, (figures 3 a, b and tables 5 a, b)
13
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Figure 3a. Prediction of Facial Plane (Males)
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In males, all predictions were within one standard deviation, except predictions
from ages 6,9 and 12 to age 16, and from age 12 to skeletal maturity. The most accurate
predictions in this group were from ages 6 and 9 to age 12, and from age 14 to skeletal
maturity.
In females, all predictions were within one standard deviation, with prediction
from age 9 to skeletal maturity being the most accurate, (figures 4 a, b and tables 6 a, b)
4. Mandibular length (Co-Gn)
In males, the program predicted mandibular length to one standard deviation,
except from ages 9 and 16 to skeletal maturity, which were predicted to within two
standard deviations. The prediction from age 9 to age 14 was the closest to the mean
radiographic value.
In females, all predictions were within one standard deviation, with prediction
from age 9 to 12 being the closest to actual mean radiographic value, (figures 5 a, b and
tables 7 a, b)
5. Mandibular plane
The program predicted the mandibular plane within one standard deviation in
both males and females, except for prediction from age 6 to age 14 and skeletal maturity
in females, which fell within two standard deviations. The predictions to age 12 from
ages 6 and 9 were very close to the actual mean radiographic value, (figures 6 a, b and
tables 8 a, b)
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All predictions were within one standard deviation in both males and females,
with predictions from age 9 to 14 in females being the most accurate, (figures 7 a, b and
tables 9 a, b)
7. Corpus length fXi-Pm)
The software program predicted mandibular length to one standard deviation of
the normal value in both males and females, except for prediction from age 6 to 12 in
females, (figure 8 a, b and tables 10 a, b)
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Figure 8a. Prediction Of Corpus Length (Males)
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Figure 8b. Prediction Of Corpus Length (Females)
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DISCUSSION
In testing the accuracy of ZeroBase™ orthodontic software program, fourteen
parameters were originally selected. Due to difficulty in landmark identification, seven
parameters (four linear and three angular), that were visible and identifiable in sequential
radiographs were selected and used in the study. Predictions that were within one
standard deviation were considered to be clinically acceptable. Based on the Gaussian
distribution curve, 70% of the population falls within one standard deviation of the norm.
From a clinical standpoint, any prediction that falls within one standard deviation of the
norm will not alter the treatment plan as much as it would if the prediction was within
more than one standard deviation. For example, in treatment planning a case with a
mesofacial pattern, the treatment approach will be the same as long as the mesofacial
pattern remains within one standard deviation. But in treatment planning a case with a
dolicofacial pattern that is within one standard deviation of the norm, approaching two
standard deviations will actually make the case potentially more difficult to treat.
The validity of any growth study depends on the accuracy of the data, in this case,
the radiographs. The importance of standardization of radiographs was realized by 
Broadbent1 when he tried to superimpose radiographs using craniofacial landmarks as
reference points in order to study changes in the position of teeth and jaws during
orthodontic treatment. It is crucial to standardize radiographic techniques in order to
obtain accurate results, especially in case of serial cephalometric superimpositions. The
sample for the above study consisted of radiographs that were taken as early as the 1950s.
It is possible that changes in equipment and technique over the years could have resulted
in radiographs with different magnification, which would make data comparisons within
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the study inaccurate. Due to difficulty in landmark identification from the radiographs,
the number of parameters that were used to test the program was reduced to seven, which
would also affect the results. The sample was also deficient in the respect that some of
the radiographs were not available, which resulted in different sample sizes in the
different age groups. These problems, however, are not unlike problems introduced in
other growth studies. This is probably why Bjork’s implant studies are so important.
Among the angular measurements used in the study, all predictions were within
one standard deviation except predictions of mandibular arc and mandibular plane from
age 6 in females. As with the angular measurements, the predictions of linear
measurements starting from age 6 were found to be in the range that was not clinically
acceptable in both male and female subjects. This could possibly be due to early growth
63,64,65,66spurt that has been cited in orthodontic literature. Unlike adolescent growth
spurts, early growth spurts are characterized by a greater variability in amount and 
occurrence. Woodside65 observed that there were two preadolescent growth spurts, the 
earlier spurt occurring at 6-7 years, and the later spurt of growth occurring at 7.5 years in
females and 9 years in males.
Most predictions of cranial base from age 6 were not found to be clinically
acceptable in both males and females, with the program underestimating the cranial base
predictions by two standard deviations. The rest of the predictions were underestimated
(within one standard deviation), except those from age 16 to skeletal maturity in males,
and those from age 9 to 14, and age 12 to 14 and skeletal maturity in females, but can be
considered clinically acceptable. The sutural growth of the anterior cranial base is
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completed by age 8.66 This could explain why predictions from ages 9,12,14 and 16 were
more accurate than those made from age 6.
The software program underestimated the prediction of the maxilla from age 12 to
age 16. This could be attributed to difficulty in identification of Point A. Jacobson and 
Jacobson67 realized the difficulty in accurately identifying Point A in lateral
cephalometric radiographs and suggested use of a point in relation to the root of the
maxillary central incisor as an alternative to reduce landmark identification errors.
The prediction of the mandible was found to be within one standard deviation in
both males and females from ages 9, 12,14 and 16, except for prediction of mandibular
length (Co-Gn) from ages 9 and 16 to skeletal maturity in males, which was
overestimated by the program by two standard deviations of the norm. In females, the
software program overestimated the prediction of mandibular plane in females from age 6
to ages 14 and skeletal maturity by two standard deviations, and underestimated
prediction of mandibular length (Xi-Pm) from age 6 to ages 12 by two standard
deviations.
ZeroBase™ applies about 250 different variables based on facial morphology to 
grow the facial pattern. Facial morphology is determined by a ZeroBase™ proprietary 
algorithm, which uses 25 parameters chosen among over 300 cephalometric 
measurements. The parameters were selected according to the specificity of being able to
describe a significant morphological attribute. The algorithm describes an index by
weighting the 25 parameters differently. This index is capable of very accurately
describing the skeletal morphology and the growth tendency as vertical growth or
horizontal growth. The horizontal growth is particularly valuable to describe the potential
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severity of class 3 patterns. Description of facial morphology is very critical in long range 
forecast. ZeroBase™ classifies facial patterns into 9 different morphological categories, 
from extreme dolicofacial to extreme brachyfacial. ZeroBase™ uses the Xi point and the 
modified phi spiral to grow the mandible.69 The accuracy of the radiographs is also very
critical since a mistake in one significant landmark can change a significant parameter
and therefore the subject can be categorized in a different morphological pattern by the
program, which would affect the accuracy of growth prediction.
In males, the percentage of forecast of points that were predicted within one
standard deviation were 82.8% from age 6, 93% from age 9, 90.4% from age 12, 100%
from age 14 and 85.7% from age 16. In females, the percentages of predictions within
one standard deviation were 75% from age 6 and 100% from ages 9, 12 and 14. In males,
the accuracy of cranial base predictions was 73.3%, maxilla was 66.7% and mandible
was 97.3%. In females, the accuracy was 70% for cranial base, 100% for maxilla and
92% for mandible. All the above percentages were calculated based on predictions to one
standard deviation of the norm.
Tables 3-16 show the difference between the computerized prediction and actual
x-ray value of the individual parameters, along with sample size and 95% confidence
intervals. Small sample size in each category, and variation in facial type within each
category resulted in large confidence intervals.
The male composite (figure 9), superimposed on the Co-Pm axis shows that
ZeroBase™ over estimated the growth of the mandible.
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Figure 9. Male composite tracings Superimposition Condylion at Co-Pm axis 
52 % reduction in size 
-------Composite at age 9
-------Computer predicted growth to skeletal maturity
Composite at skeletal maturity
Figure 10. Female composite tracings Superimposition Nasion-Basion at CC point 
45 % reduction in size 
-------Composite at age 9
------  Computer predicted growth to skeletal maturity
Composite at skeletal maturity
The female composite (figure 10) superimposed on the cranial base shows more
vertical growth of the mandible than was predicted by the software program. 
Superimposition on the Co-Pm axis (figure 11) shows that ZeroBase™ was very close in 
prediction of the mandible from age 9 to skeletal maturity.
Figure 11. Female composite tracings Superimposition Condylion at Co-Pm axis 
45 % reduction in size 
------ Composite at age 9
------  Computer predicted growth to skeletal maturity
Composite at skeletal maturity
ZeroBase™ orthodontic software program was found to be more accurate in
predicting the growth of the mandible in males and females, and the maxilla in females.
This could possibly be explained by the fact that females reach skeletal maturity earlier
than males. The growth span is shorter in females than in males, and predictions by the
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computer were done for lesser number of years in females than in males, thus resulting in
better accuracy while predicting growth in females.
In any growth study, there are a number of factors like rate of growth,
magnitude, direction, timing of growth spurts that can alter the results. Other factors like
gender, hereditary factors, posture of the patient and myofunctional habits can affect the 
growth of an individual. ZeroBase™, in this study, showed consistent accuracy in
describing the growth trend of a subject. Based on the accuracy of prediction of 
identifiable points, ZeroBase™ proved to be very accurate, however it is not possible to
make a definite conclusion from the results obtained due to the nature of the records that
70were available for the study. Burstone noted that any growth prediction is better than no
prediction at all, if it is based on good data. This is important for the future of
orthodontics if we are to understand growth.
Additional comparative studies should be performed, using excellent longitudinal
records in untreated samples in order to validate the accuracy of the software program.
CONCLUSIONS
TMThis study was performed to evaluate the accuracy of ZeroBase orthodontic
software program in predicting short-range and long-range growth of the cranial base,
maxilla and mandible. The sample consisted of untreated subjects, 14 males and 14
females, classified as skeletal Class II pattern by the Burlington growth center in Toronto,
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Canada. Radiographs were obtained at ages 6,9,12,14,16, and 20 in males and 6,9,12,14,
TMand 16 in females. The radiographs were digitized using the ZeroBase orthodontic
software program. Short range and long range growth predictions were carried out from
each of the age groups. Mean computer predicted values for each of the parameters
selected was compared to the actual mean radiographic value in order to determine the
accuracy of the prediction. Predictions within one standard deviation of the norm were
considered to be clinically acceptable. Due to difficulty in identification of radiographic
landmarks, the number of parameters that were selected in the study was reduced to
seven.
Predictions from age 14 were the most accurate (within one standard deviation),
whereas the predictions from age 6 were the least accurate. In males, the accuracy of
forecast of points from age 6 was 82.8%, from age 9 was 92.8%, from age 12 was 90.4%,
from age 14 was 100% and from age 16 was 85.7%, to one standard deviation of the
normal value for all the parameters studied. In females, the percentages were 75% from
age 6 and 100% from ages 9, 12, 14 and 16 to one standard deviation of the normal value.
In males, the accuracy of cranial base predictions was 73.3%, maxilla was 66.7% and
mandible was 97.3% to one standard deviation of the normal value. In females, the
accuracy was 70% for cranial base, 100% for maxilla and 92% for mandible to one
standard deviation of the normal value.
Due to difficulty in landmark identification in the radiographs because of poor
quality, and due to missing radiographs, which resulted in a different sample sizes in the
different age groups, it is not possible to make definite conclusions from the results
obtained. Additional comparative studies using records of good quality is recommended.
30
REFERENCES
1. Broadbent, B.H.: “A new x-ray technique and its application to Orthodontia”, 
Angle Orthod., 2(l):45-66, 1931.
2. Broadbent, B.H.: “The face of the normal child”, Angle Oithqd., 4(7): 183-203, 
1937.
3. Brodie, A.G.: “On the growth pattern of the human head from the third month to 
the eighth year of life”, Am. J. Orthod, 49(12):907-919, 1963.
4. Brodie, A.G.: “Facial patterns”, Angle Orthod., 16(3):75-87, 1946.
5. Lande, M.J.: “Growth behavior of the human bony facial profile as revealed by 
serial cephalometric roentgenology”, Angle Orthod., 22(2):78-89, 1952.
6. Nanda, R.S.: “The rate of growth of several facial components measured from 
serial cephalometric roentgenogram”, Am. T Orthod., 41(9):658-673, 1955.
7. Coben, S.E.: “The integration of facial skeletal variants”, Am. T Orthod., 41(6): 
407-434, 1955.
8. Brodie, A.G., and others: “ Cephalometric appraisal of orthodontic results: A 
preliminary report”, Angle Orthod., 8(4):261-265,1938.
9. Bjork, A.: “Prediction of mandibular growth rotation”, Am. J. Orthod., 55(6):585- 
599, 1969.
10. Tweed, C.H.: “The Frankfort mandibular plane angle in orthodontic diagnosis, 
classification, treatment planning, and prognosis”, Am. J, Orthod., 32: 175-221, 
1946.
11. Ricketts, R.M.: “Planning treatment on the basis of the facial pattern and an 
estimate of its growth”, Angle Orthod., 27(0:14-37, 1957.
12. Ricketts, R.M.: “Cephalometric analysis and synthesis”, Angle Orthod., 
31(3):141-156, 1961. ~
13. Ricketts, R.M.: “Foundations for cephalometric communication”, Am. J. Orthod., 
46(5):330-357, 1960.
14. Wasson, J.L.: “Evaluation of a method of predicting craniofacial growth that 
compares cephalometric roentgenograms of children and parents”, Am. J. 
Orthod., 49(11):864, 1963 (Abstract).
31
15. Nakashima A., Ichinose, M: “Role of parental variables in predicting facial 
growth after treatment of anterior crossbite”, Am. J. Orthock, 90(6):492-500, 
1986.
16. Suzuki, A., Takahama, Y.: “Parental data used to Predict Growth of craniofacial 
Form”, Am. k Orthock, 99(2): 107-119, 1991.
17. Rossouw, P.E., Lombard, C.J., Harris, A.M.P.: “Frontal sinus and mandibular 
growth prediction”. Am. J. Orthod., 100(6):542-546, 1991.
18. Solow, B., Siersbeak-Nielson, S.: “Growth prediction from posture”, Am. L 
Orthpd., 101(5):449-458, 1992.
19. Aki, T., Nanda, R.S., Currier, G.F., Nanda, S.K.: “Symphysis morphology as a 
predictor of direction of mandibular growth”, Am. J. Orthpd., 106(l):60-69, 1994.
20. Nakata, M., Yu, P., Davis, B., Nance, W.E.: “ The use of genetic data in the 
prediction of craniofacial dimensions”, Am. J. Orthpd,, 63(5):471-480, 1973.
21. Harris, J.E., Kowalski, C.J.: “All in the family: use of familial information in 
orthodontic diagnosis case assessment, and treatment planning”, Am. J, Orthpd,, 
69(5):493-510, 1976.
22. Popovich, F., Thompson, G.W., Saunders, S.: “Craniofacial measurements in 
siblings of the Burlington Growth Center sample”, J, Dental Research, 56, Special 
issue A, 1977 (Abstract).
23. Houston, W.J., Brown, W.A.: “Family likeness as a basis for facial growth 
prediction”, Eur. J. Orthod., 2:13-18, 1980.
24. Solow, B., Siersbaek-Nielson, S.: “Growth changes in head posture related to 
craniofacial development”. Am. J. Orthod., 89(2):132-140, 1986.
25. Solow, B., Siersbaek-Nielson, S.: “Cervical and craniocervical posture as 
predictors of craniofacial growth”, Am. J. Orthod., 101(5):449-458, 1992.
26. Tomer, B.S., Harvold, E.P.: “Primate experiments on mandibular growth 
direction”. Am. J. Orthod., 82(2): 114-119, 1982.
27. Vargervik, K., Miller, A.J., Chierici, G., Harvold, E.P., Tower, B.: “Morphologic 
response to changes in neuromuscular patterns experimentally induced by altered 
mode of respiration”. Am. J. Orthod., 85(2): 115-124, 1984.
28. Linder-Aronson, S., Woodside, D.J., Lundstrom, A.: “Mandibular growth 
direction following adenoidectomy”, Am. J. Orthod., 89(4):273-284, 1986.
32
29. Kerr, W.J.S., McWilliam, J.S., Linder-Aronson, S.: “Mandibular form and 
position related to changed mode of breathing - a five-year longitudinal study”, 
Angie Qrthpd, 59(2):91-96, 1989.
30. Harvold, E.P.: “The role of function in the etiology and treatment of 
malocclusion”. Am. J. Orthod., 54(12):883-898, 1968.
31. Adamides, I.P., Spyropoulos, M.N.: “The effects of lymphadenoid hypertrophy on 
the position of the tongue, the mandible and the hyoid bone”, Eur. J. Orthpd.,
5(4): 287-294, 1983.
32. Chierici, G., Harvold, E., Vargervik, K.: “Morphogenetic experiments in cleft 
palate: mandibular response”. Cleft Palate Craniofac. J,, 10:51-61, 1973.
33. Kreiborg, S., Jensen, B.L., Moller, E., Bjork, A.: “Craniofacial growth in a case of 
congenital muscular dystrophy”, Am. J. Orthpd., 74(2):207-215, 1978.
34. Houston, W.J.B.: “Mandibular growth rotations- their mechanisms and 
importance”, Eur. J. Orthod., 10(4):369-373, 1988.
35. Moss, M.L., Salentijn, L.: “The unitary logarithmic curve descriptive of human 
mandibular growth”, Acta Anat., 78:532-542, 1971.
36. Ricketts, R.M.: “The discovery of a law of arcial growth of the mandible”, Proc. 
Found. Orthod. Res., 31-52, 1971.
37. Mitchell, D.L., Jordan, J.F., Ricketts, R.M.: “Arcial growth with metallic implants 
in mandibular growth prediction”, Am. J. Orthod., 68(6):655-659, 1975.
38. Johnston, L.E.: “A simplified approach to prediction”, Am. J. Orthod., 67(3):253- 
257, 1975.
39. Skieller, V., Bjork, A, Linde-Hansen, T.: “Prediction of mandibular growth 
rotation evaluated from a longitudinal implant sample”, Am. J. Orthod., 
86(5):359-70, 1984.
40. Leslie, L.R., Southard, K.A., Casko, J.S., Jakobsen, J.R., Tolley, E.A., Hillis, 
S.L., Carolan, C., Logue, M.: “Prediction of mandibular growth rotation: 
assessment of the Skieller, Bjork, and Linde-Hansen method”, Am. L Orthod., 
114(6):659-667.
41. Ricketts, R.M.: “Planning treatment on the basis of the facial Pattern and an 
estimate of its growth”, Angle Orthod., 1:14-37, 1957.
42. Steiner, C.C.: “The use of cephalometries as an aid to planning and assessing 
orthodontic treatment”, 46:721-735, 1960.
33
43. Ricketts, R.M., Bench, R.W., Gugino, C.F., Hilgers, J.J., Schulof, R.J.: 
Bioprogressive Therapy, Rocky Mountain Orthodontics.
44. Bench, R.W., Gugino, C.F., Hilgers, J.J.: “Bioprogressive therapy-Part 2”, J.Clin. 
Orthod., 11:661-682, 1977.
45. Ricketts, R.M., Bench, R.W., Hilgers, J.J., Schulhof, R.: “An overview of 
computerized cephalometries”, Am. J. Orthod., 61:1-28, 1972.
46. Ricketts, R.M.: “The value of cephalometics and computerized technology”, 
Angle Orthod.. 42:179-199, 1972.
47. Ricketts, R.M.: “The evolution of diagnosis to computerized cephalometries”, 
Am. J. Orthod., 55:249-257, 1969.
48. Hirschfield, W.J., Moyers, R.E.: “Prediction of craniofacial growth: the state of 
the art”. Am. J. Orthod., 60(5):435-444, 1971.
49. Schulhof, R.J., Bagha, L.: “A statistical Evaluation of the Ricketts and Johnson 
growth forecasting methods”, Am. J. Orthod., 67(3):258-276, 1975.
50. Hing, N.R.: “The accuracy of computer generated prediction tracings”, Intern. J. 
Oral Maxillofac. Surg., 18(3):148-151, 1989.
51. Carter, N.S.: “Evaluation of the accuracy and use of long term growth forecast 
with treatment”, Unpublished Master of Science in Dentistry (Orthodontics) 
thesis, Loma Linda University, 1975.
52. Greenberg, L.Z., Johnston, L.E.: “Computerized predictions: the accuracy of a 
contemporary long-range forecast”, Am. J. Orthod., 67(3):243-252, 1975.
53. Cangalosi, T.J., Chung, J.M., Elliott, D.M.: “Reliability of computer generated 
prediction tracing”, Angle Orthod., 65(4):277-284, 1995.
54. Thames, T.L., Sinclair, P.M., Alexander, R.G.: “The accuracy of computerized 
growth prediction in Class II high angle cases”, Am. J. Orthod., 87(5):398-405, 
1985.
55. Dicicio, P.: “Assessment of accuracy of three methods of computerized growth 
prediction of the soft tissue profile, in untreated individuals”, Unpublished Master 
of Science in Dentistry (Orthodontics) thesis, Loma Linda University, 1993.
56. Popovich, F., Thompson, G.W.: “Craniofacial templates for orthodontic case 
analysis”, Am. J. Orthod., 71: 406-420, 1977.
34
57. Hoss, K., Sameshima, G.T., Grubb, J.E., Sinclair, P.M.: “The accuracy of video 
imaging for mixed dentition and adolescent treatment, Angle Orthod., 67(5):355- 
364, 1997.
58. Syliangco, S.T., Sameshima, G.T., Kaminishi, R.M., Sinclair, P.M.: “Predicting 
soft tissue changes in mandibular advancement surgery: a comparison of two 
video imaging systems”, Angle Orthod., 67(5):337-346, 1997.
59. Sameshima, G.T., Kawakami, R.K., Kaminishi, R.M., Sinclair, P.M.: “Predicting 
soft tissue changes in maxillary impaction surgery: a comparison of two video 
imaging systems”, Angle Orthod., 67(5):347-354, 1997.
60. Konstiantos, K.A., O'Reilly, M.T., Close, J.: “The validity of the prediction of 
soft tissue profile changes after LeFort I osteotomy using the dentofacial planner 
(computer software)”, Am. T Orthod., 105(3):241-249, 1994.
61. Bench, R.W.: “The visual treatment objective: Orthodontics most effective 
treatment planning tool”, Foundation Orthod. Res. Proc., 4:165-195, 1971.
62. Riolo, M.L., Moyers, R. E., McNamara, J.A., Hunter, W.S.: “An atlas of 
craniofacial growth”, Center for human growth and development, Ann Arbor.
63. Bambha, J.K.: “Longitudinal x-ray study of the face and cranium in relation to 
body height”, T Am. Dent. Assoc., 63:776-799, 1961.
64. Harris, J.E.: “A cephalometric analysis of mandibular growth rate”, Am. J. 
Orthod. 48(3): 161-174, 1962.
65. Woodside, et ah: “ Some effects of activator treatment on the growth rate of the 
mandible and the position of the midface”, Trans. 3rd Int. Orthod. Congr. London, 
1975.
66. Ranly, D.M.: A synopsis of craniofacial growth, Second edition.
67. Krieg, W.L.: “Early facial growth accelerations-a longitudinal growth study”, 
Angle Orthod., 57(l):5Q-62, 1987.
68. Jacobson, R.L., Jacobson, A.: “Point A revisited”, Am. J. Orthod., 77(1 ):92- 
96,1980.
69. Communication from Dr. Dus.
70. Burstone, C.J.: “The Uses of the Computer in Orthodontic Practice Part 1”, J 
Clin. Orthod., 13(7):442-455, 1979.
35
APPENDIX A
Table 3. List of the subjects used in the study and ages the radiographs were available
Age 16 Age 20Age 12 Age 14Age 9Age 6MALES
16-0 20-212-0 14-09-05-111
14-2 16-2 20-312-19-16-12




12-1 14-0 16-0 20-59-26-17
14-1 16-0 19-119-1 12-06-08
12-1 14-2 16-1 21-09-29
14-2 16-1 20-29-1 12-16-310
14-4 16-0 20-18-211
16-5 20-39-0 12-06-112




8-6 12-1 14-2 16-416
14-0 16-19-217
8-11 12-1 14-0 20-16-018












Table 4a: PREDICTION OF ANTERIOR CRANIAL BASE (MALES)
Difference between mean computer value and mean x-ray value 
Prediction from-Males














































Table 4b: PREDICTION OF ANTERIOR CRANIAL BASE (FEMALES)
Difference between mean computer value and mean x-ray value 
Prediction ffom-Females


































1 I predictions more than 1 standard deviation (+/- 2.5 mm) 
() denotes sample size 
[ ] denotes 95% confidence interval
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Table 5a: PREDICTION OF FACIAL PLANE (MALES)
Difference between mean computer value and mean x-ray value 
Prediction ffom-Males














































Table 5b: PREDICTION OF FACIAL PLANE (FEMALES)
Difference between mean computer value and mean x-ray value 
Prediction from-Females


































CH predictions more than 1 standard deviation (+/- 3.3 degrees) 
() denotes sample size 
[ ] denotes 95% confidence interval
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Table 6a: PREDICTION OF MIDFACE LENGTH (MALES)
Difference between mean computer value and mean x-ray value 
Prediction ffom-Males
Prediction Age 6 Age 9 Age 12X-ray
(mean
angle)












































Table 6b: PREDICTION OF MIDFACE LENGTH (FEMALES)
Difference between mean computer value and mean x-ray value 
Prediction from-Females


































Cl] predictions more than 1 standard deviation (+/- 3.2 mm) 
() denotes sample size 
[ ] denotes 95% confidence interval
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Table 7a: PREDICTION OF MANDIBULAR LENGTH (MALES)
Difference between mean computer value and mean x-ray value 
Prediction from-Males














































Table 7b: PREDICTION OF MANDIBULAR LENGTH (FEMALES)
Difference between mean computer value and mean x-ray value 
Prediction from-Females


































EZ3 predictions more than 1 standard deviation (+/- 3.6 mm) 
() denotes sample size 
[ ] denotes 95% confidence interval
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Table 8a: PREDICTION OF MANDIBULAR PLANE (MALES)
Difference between mean computer value and mean x-ray value 
Prediction ffom-Males














































Table 8b: PREDICTION OF MANDIBULAR PLANE (FEMALES)
Difference between mean computer value and mean x-ray value 
Prediction ffom-Females


































□ predictions more than 1 standard deviation (+/- 5.2 degrees) 
() denotes sample size 
[ ] denotes 95% confidence interval
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Table 9a: PREDICTION OF MANDIBULAR ARC (MALES)
Difference between mean computer value and mean x-ray value 
Prediction ffom-Males















































Table 9b: PREDICTION OF MANDIBULAR ARC (FEMALES)
Difference between mean computer value and mean x-ray value 
Prediction ffom-Females


































□ predictions more than 1 standard deviation (+/- 4.0 degrees) 
() denotes sample size 




Table 10a: PREDICTION OF CORPUS LENGTH (MALES)
Difference between mean computer value and mean x-ray value 
Prediction ffom-Males














































Table 10b: PREDICTION OF CORPUS LENGTH (FEMALES)
Difference between mean computer value and mean x-ray value 
Prediction from-Females


































HZD predictions more than 1 standard deviation (+/- 3.0 mm) 
( ) denotes sample size 
[ ] denotes 95% confidence interval
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